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ABSTRACT
This report summarizes the work performed duiing the third six-
mowh period of the NASA Lewis sponsored research program (Contract
Number NAG 3-67) entitled, "Prediction of Sound Radiation from Different
Practical Jet Engine Inlets". The work done during the first year of the
contract may be summarized as follows. During the initial six-month period
the computer codes necessary for this study were developed and checked
against exact solutions generated by the point source method using the
NASA Lewis QCSEE inlet geometry. During the second half year, these
computer codes were used to predict the acoustic properties of the following
five inlet configurations: the NASA Langley Bellmouth, the NASA Lewis
JT15D-1 Ground Test Nacelle, and three finite hyperbolic inlets of 50, 70
and 90 degrees.
During the past six months, 35 computer runs were done for the
NASA Langley Bellmouth. For each of these computer runs, the reflection
coefficient at the duct exit plane was calculated as was the far field
radiation pattern. These results are presented in both graphical and tabular
form in this report with many of the results cross plotted so that trends in
the results verses cut-off ratio (wave number) and tangential mode number
may be easily identified.
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Introduction
During the first year of this contract, the two developmental tasks
associated with this project were completed. firstly, existing computer
codes for the calcula'.Ion of the sound radiated from axisymmetric bodies
were upgraded and refined so that calculations could be made having non-
dimensional wave numbers (based on duct radius) of up to 20. This initial
development work was accomplished using the NASA Lewis QC:SEE inlet of
Ref. 1. The results of this Initial development work are presented in the
NASA Lewis Semi-Annual Status Report (6/2/80-11/20/80) for this ,grant
(Number NAG 3-67). Secondly, many small sat Q llite programs were
developed to do such things as calculate the cut-off wave numbers fo
various modes, calculate the modal source inputs for the other computer
programs, and plot the data generated ir, the field. These and the two main
programs, for calculating the surface distributions and field dkStributions of
the acoustic quantities of interest, were then combined into a coherent
package of programs (i.e. the data file structure for each is the same so that
only a single set of data files is required). This package of programs was
then used to investigate the acoustic behavior of five different inlet
configurations, narnelyt the NASA Langley 13eilmouth 2.3 9 the NASA Lewis
JT15D I ground test nacelle 4,5 , and three finite hyperbolic inlets similar to
those of the Y r'. CHO 5,7 study of 50, 70 and 90 degrees. Comparisons
were made between the results generated by the integral technique 8-10
used in this study and those of other experimental and theoretical studies for
the five inlet configurations. Both reflection coefficients and radiation pat-
terns in the field were compared for various ioodal inputs at various wave
numbers. These results are presented in the NASA Lewis Serni-Annual
Staters Report 02/1/80-5/30/81) for this grant.
[wring the past six months, 35 computer runs were dune for the
NASA Langley Bellrnouth. These runs form a parametric study for this
goo ,
 etry which consists of five different input ►nodes and six cut-off ratios
plus five special runs at other cut-off ratios done at the sponsors request.
For each run, the reflection coefficient at the duet exit plane is . • alcercalt Lei
along; with the r'.kstribution of the acoustic sound power level (SPLI in they
field. The--e results are plotted and cross plotted holding; ert!r,=r the input
mode or the cut-off ratio constant.
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Numerical Considerations
Since the required computer runs for the parametric study for this
inlet geometry cover a wide range of input modes and cut-off ratios (i.e.
wave numbers) the same number of calculational points on the body was not
used for all of the runs. In Table I is found the range of values of the input
parameters for which t` ►e (.Jferent numbers of points .along the body and In
the 0 (tangential) di -ection are used. As the wave number (cut-off ratio)
Is increased, mor e
 points must be used on the body to accurately describe
the distribution of the acoustic quantities on the surface of the body as is
Indicated in Table I. Also, as ..he input mode number (M) is increased, the
number of points used In the integration must be increased to
accurately describe the variations of the acoustic quantities in that
direction.
In Figs. 1-3, the distributions of calculational i)oints ,n the :surface
of the body are presented. The arrows represent outward normals from the
body as these plots represent a visual check of the geometric input data for
the acoustic calculation programs. It will be noted here that if the driver
plane, which doubles here as the duct exit plane as there is no straight duct
section connected to the inlet lip, is non-dlmensionalized as 1.0 then the
nominal point spacings on the driver plane and the inner bellmouth are 0.04,
0.025, and 0.02 respectively. The bellmouth geometry is terminated in all
cases by a 2:1 ellipse as the theory requires a closed body.
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The CgMp ter Runs
In Table 11, a matrix of all of the computer r-ins done for the Langley
Hellmouth is presentee along with the five special runs done at the regUe"It
of the contractor. This table also relates the cut-off ratios for the various
modes run to the corresponding non dimensional wave numbers at whir'h the
runs were performed. A standard plot of the sound pressure level calculated
in the field is generated with each computer run. These plots are presented
as figs. 4-38. These figures are grouped according to the input rnode used at
the driver and are presented in ascending wave number order. Thus Figs. 4-
12 are for an input rnode of M:.1, Figs. 13-20 for M 2, Figs. 21 26 for M..4,
and Figs. 27-32 for M-8. All of these are done for the fi rst radial anode
input at the driver plane. The final set of these plots, Figs. 35"3-38 is for a
tangential mode of M,4 and the third radial mode input at the driver plane.
For these plots, the data is calculated at 46 points in tht.. field on a quarter
circle having a radius of 20.36a. These points are evenly spaced from 0°,
the centerline of the duct, to 900 in 20 increments. Th.s is actually a rather
course mesh when looking at higher radial modes as in Figs. 33-38 run for an
input rnode of (M,N):(4,3) and this is why the valleys between the three
lobed radiation pattern in the field are somewhat indistinct. Also, the points
are calculated 20.36 radii frorn the duct entrance as this is where they are
measured in Refs. 2 and 3
If we now look at the "concept of angular Ircation of the
predominant acoustic radiation" we find that in general, this radiation peak
moves towards the centerline of the duct for increasing wave numbers and
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away from the duct centerline for increasing tangential mode numbe13.
These results, for all of the runs done for this inlet, are presented in "fable
111. For the modal input (4,3) the lobe that carries the maximum SPL in (di3)
changes from thi! first (counted from the centerline of the duet) to the third
at a cutoff ratio of 1.305. Thus, the bracketed values in Table Ill follow the
first lobe even though it is no longer the predominant one (See Figs. 33-38.).
It will be noted here again that since the acoustics quantities were only
calcuated at 20 increments from the centerline of the duct to 90 o that the
angular values in Table 111 are probably ori!v good to + 1 0.
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Reflection Coefficients
Since there is no straight duct section connected to the inlet, the
driver plane is the s=ame as the duct exit plane. Therefore, the reflection
coefficient defined as
1 la
R_ ilea +^
an
where
	
is the wave number,
	
is the acoustic- potential,
and
	
	 ,is the normal &-oustic velocity (defined with an outw-ard normal
n
to he body), Can be calculated directly from the results of Vie surface
Eacoustik • program without using the field program. Since the reflection
coefficient is , • o-nplex, it is plotted as a modulus and a phase (in degrees) m
two separate graphs with the same figure number.
III 319 and 40, the reflection coefficient is plotted for an input
mode of (l,l) for all of the wave numbers (cut-off ratios) run. Sonic • of the
Individual cases run arcs repeated in noth figures for ease of comparis,)n.
Similarly, in Figs. 41 and 42, the reflection coefficient at the duct exit plane
is plotted for an input erode of (2,l) at the driver plane for all of the cases
run. Also, Figs. 43 and 44 are for input modes of (4,1) and (8,1) respectively.
For an input mode of (4,3) the results are plotted in six graphs designated as
Fig. 45. Since the input mode has two : ero crossings for the acousti,-
poteiinal speycifi(-d, the reflection coefficient has a discontirn►,ty at these
points. This is shown in Fig. 45 by artific°ally extendiog the data to the plot
boundaries in the direction it was headed at thr-se points. Since the trends
were not ,always in the same direction at these point~, th-_a data was plotted
in separate graphs for clarity.
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In the next set of figures, the reflection coefficient is plotted for
input modes of (1,1), (2,1), (4,1) and (8,1) for constant eut-off ratio. As
before, e,%ch figure consists of two pl-*-. ore for the modulus of the
reflection coefficient and one for the phav Fig,jres 46-51 are for cutoff
ratios of 1.005, 1.015, 1.064, 1.155, and 1.305 and 1.556 respectively.
It will be twed here that the reason for the seemingly strange
behavior of the reflection coefficient in Figs. 44 and 51 for an input mode of
(8,1) at a wave number of 15.01 (i.e. a cut-off ratio of 1.556) is that this is
above the second -adlal mode cut-oif wave number which is ka :14.12 for
(8,2). This is significant as the integral technique employed in the
calculation of these; values automatically considers all radial mode,, for the
tangential mode specified. Thus, even though the pressure (i.e. potential)
specified at the driver pievne is for the (8,1) mode, the solution is picking up
the effect of the (8,i , mode as well as for this wave number it is cut-on and
has a cut-off ratio of 1.06:1. It is not possible to separate out tilis effect
with this formulation of tie problem as this would require the over
specification of the boundary conditions on the driver plane. That is, it
would require the specification of both the acoustic potential (i.e. pressure)
and the normal acoustic velocity on the driver which cannot be done for an
elliptic problem.
This is also why the principle radiation peak shifts from the first to
the third for an input mode of (4,3) (See Figs. 33-38 and Table 111.). In this
case, the (4,4) mode is cut-on at a wave number of 15.96 so that the last two
wave numbers, 16.55 and 19.73, have this mode cut-on with cut-off ratios of
1.037 and 1.236 respectively.
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Radiation Patterns
The radiation patterns are presented in Figs. 4-38 for the 35 runs
done for the .angely Bellmouth. Since in this form the results are not easy
to compare, the relative SPL (Sound Pressure Level) in decibels and phase in
degrees have been cross plotted so that trends can be seen more easily. The
plots are of the relative values referenced in all cases to the point in the
field where the maximum SPL occurs for each case.
In Figs. 52 and 53, the results are plotted for all of the runs done for
an input mode of W0,l). Each figure consists of three plots: two for the
relative SPL in dB and one for the phase. Note that the phase plot in Fig. 52
has an expanded scale as compared to the phase plot in Fig. 53. This was
done simply for the sake of clarity. This is also done in Fig. 54. As with
the reflection coefficient plots some of the runs are repeated in Figs. 52 and
53 for ease of comparison. Similarly, the results of all of the runs done for a
modal input of M -(2, I) are presented in Figs. 54 and 55, Also, the results
for input modes of (4,0 and (&,I) are presented in Figs. 56 and 57
respectively. As mentioned before, the seemingly aberrant behavior of the
results for a modal input of (8,1) at a non-dimensional wave number of
ka :15.01, clearly visible in Fig. 57b, is due to the fact that the (8,2) mode is
cut-on at this frequency, This is ore of the reasons why the results for an
input mode of (4,3) for the last two wave numbers run, 16.55 and 19.73, are
presented in separate plots in Fig. 58. Also, the valleys between the lobes in
these plots would be more distinct if more points had been used in the field.
8
Finally, in Figs. "-64 9 the relative results in the field are presented
for modal inputs of M.(1,1 ^ (2, l X (4,1) and ($,I) while the cut-off ratio Is
held constant as was done for the reflection coefficient plots. Again, the
relative SPL in d9 is plotted in two ways In each figure.
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